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Abstract

Agreement analysis is conducted to assess reliability among rating results performed repeatedly on the same
subjects by one or more raters. The kappa statistic is commonly used when rating scales are categorical.
The simple and weighted kappa statistics are used to measure the degree of agreement between two raters,
and the generalized kappa statistics to measure the degree of agreement among more than two raters. In this
paper, we compare the performance of four different generalized kappa statistics proposed by Fleiss (1971),
Conger (1980), Randolph (2005), and Gwet (2008a). We also examine how sensitive each of four generalized
kappa statistics can be to the marginal probability distribution as to whether marginal balancedness and/or
homogeneity hold or not. The performance of the four methods is compared in terms of the relative bias
and coverage rate through simulation studies in various scenarios with different numbers of raters, subjects,
and categories. A real data example is also presented to illustrate the four methods.
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Table 2.1. Binary rating results between two raters
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Table 3.1. Data example when marginal homogeneity holds or not
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Table 4.1. Population k values when ignoring the rater sampling variability

q R N KR liZe; KR KAC1
3 0.6738 0.6738 0.6740 0.6741
3 5 500 0.6230 0.6230 0.6232 0.6233
7 0.6314 0.6314 0.6317 0.6319
9 0.6352 0.6352 0.6355 0.6357
3 0.6778 0.6779 0.6783 0.6785
5 5 500 0.6384 0.6385 0.6388 0.6388
7 0.6573 0.6574 0.6581 0.6583
9 0.6337 0.6338 0.6348 0.6351
Re3 R=5 R=7 R=9
|, T . = — “‘: S __'
3 I o i bs o= g g=3
- | e el - = “:‘-.3:__*_?_-_ -3 = : »:”‘;3 g _,.___3 g=5
i e e _—r— - o ——n
— - .
—4— | Fleiss - @~ Conger Randolph == | Gwet

Figure 4.1. Relative bias (%) of the four generalized kappa statistics when ignoring the rater sampling variability

4.2. Z}

4.2.1. HIKQ] HisMs 1816}II %= 89 FH7HBARE Nol 500, F7HAE Ro] 242t 3, 5, 7,
9ol WFE47} 77t 3 = 59 BT A TE FIUARK: ng ZHz) 50, 100, 2000.2 22319
ot B8O H7AE BT FUAR a1 o, v 7HA] WY FlukE AR BT Table
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AA A2z Randolph®} Gwet2] WHo] Fleiss?} Conger?] 4 01] B3} relative bias”7} ZHA] Ve
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Al VR B2V AR AXEA T HERY 37|+ 2 202 ZoA X u thE WSl vlsiA =
AAs] = e b}E}‘HD‘r Fleiss?} Congerd] W2 BE 27A w2 FAaFHs = %S Y
o} Y v 25 GRS AZSGE relative bias7F 00 7FEAA 283k 9t}h. Table 4.2 4
B0, Fleiss HI-H 2 AL Yz MPHEL Ao BE A9 9lo] coverage rateo] 95%K T} 2kzk
Z Zro g AoJAr}. Fleisse] WHL coverage rateo] 3] WA UeEFT 65%0A 95% 7R 329
o] Zr}.

4.2.2. WIS MSHS ViS22 B NGRS N2 5009, BARY P75 RE 209l
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A Study on Comparison of Generalized Kappa Statistics in Agreement Analysis

727

Table 4.2. Coverage rates (%) of confidence intervals for the four generalized kappa statistics when ignoring the

rater sampling variability

q R n CR(Ar) CR(kc) CR(Ar) CR(kac1)
50 90.6 96.2 95.9 95.8
3 100 94.0 96.5 96.4 96.5
200 96.5 98.8 98.8 98.7
50 83.1 96.4 96.2 96.1
5 100 83.7 97.1 96.8 96.8
3 200 88.0 98.6 98.6 98.7
50 71.2 96.3 95.6 95.6
7 100 74.1 97.6 97.4 97.5
200 79.2 98.5 98.5 98.5
50 65.5 95.9 95.5 95.9
9 100 65.3 96.9 96.7 96.7
200 73.1 98.3 98.1 98.1
50 85.5 95.4 95.1 95.2
3 100 96.4 96.4 96.5 96.4
200 99.2 99.2 99.3 99.3
50 69.1 96.6 96.0 96.0
5 100 71.6 97.0 96.8 96.9
5 200 75.4 98.7 98.6 98.5
50 62.1 94.8 95.2 94.8
7 100 62.5 97.5 97.3 96.8
200 67.8 98.7 98.7 98.7
50 59.8 96.4 96.0 95.9
9 100 58.6 96.1 95.4 95.4
200 63.2 98.9 98.8 98.8
Table 4.3. Population x values when considering the rater sampling variability
q R N KF KC KR KAC1
3 2 500 0.5698 0.5699 0.6307 0.6551
5 0.6166 0.6166 0.6167 0.6167
=3 r=5 =7 r=9
o9 o3 111
“ “l a=3
-,
¥, il q=5
g Fleiss = 4= | Conger —% = | Randolph =&  Gwet

Figure 4.2. Relative bias (%) of the four generalized kappa statistics when considering the rater sampling vari-

ability

relative bias®] W3S H 74 HE Figure 4.29], coverage rate-= Table 4.40] A A3} t}.

A= 37

WYL s g A

u}lzk7FA| 2 Randolph®} Gwet2] o] Fleiss®} Con-

ger®] ol B]3) relative bias7} ZA| UEFEET], Fleisse} Congere] -2 H7HAke] HEAS 11
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Table 4.4. Coverage rates (%) of confidence intervals for the four generalized kappa statistics when considering
the rater sampling variability

q r n CR(AF) CR(A¢) CR(AR) CR(Aac1)
50 93.5 93.9 92.3 93.1
3 100 94.0 95.4 94.6 95.4
200 97.2 97.9 97.1 97.1
50 91.0 95.5 95.7 97.9
5 100 90.2 96.4 95.7 98.1
3 200 93.7 98.3 96.9 98.5
50 83.6 95.6 93.8 97.9
7 100 88.2 97.1 96.0 98.7
200 91.7 98.0 97.9 99.7
50 84.1 96.0 95.1 98.6
9 100 87.0 98.1 97.3 99.4
200 92.2 99.4 98.7 99.9
50 82.0 93.1 94.4 95.1
3 100 79.9 92.9 95.6 96.1
200 80.6 87.0 95.5 96.6
50 67.1 94.3 94.5 97.1
5 100 66.1 93.7 96.0 97.6
5 200 67.0 88.7 96.6 97.9
50 57.5 92.2 94.2 98.0
7 100 57.6 93.0 95.8 98.3
200 62.2 91.6 97.4 99.3
50 53.0 94.2 95.8 99.0
9 100 55.2 94.0 96.2 99.1
200 61.5 95.9 99.1 99.9

3R] ¢k Afoll vlste] relative biase] Atigke] ©f 2 & AolRth Fleiss®] -2 A3
o2 U E BIF relative bias7} 542 2 WA, Conger?] W2 B 7MAleel B dRke7E 2
2 A% relative bias7} F2 I A Ve W W BF F7MAR =7 AZSE relative bias7)
00l 714A 4383t 93 3] Randolph®} Gwet?] ¥WHo] B2 1 dAAlo] FEEI3IT) Fleiss WS
o] A% coverage rate°] T WHE] vl w® @i, WA Al HHEL vk ge 2,
Randolph®] ®io] vl a 95%0) 71 7MWk ks Zt+ 222 Yt

5.1. Al=2 AY
4*A1Z (hydronephrosis) o] & 4291 2 9] §—‘§0] HAF 0 2 A A7)|= Aol B =Alolr), B x}
B2 90789 oFF #xte] FHe AE 48] WA ARV £AFY 8 A=E F 7HA F7 AA

=, Society for Fetal Urology grading system(SFU)3} Onen’s grading system(Onen) 22 7z} = W
37k Atelrt. F AAE BT 0014 4387HA] oA BFE 471E 5 QL A F7HE & F Ao
24A17k0] At o] F WA FUFE St 5.280A e AR FHIEEDR T B8 7 WY P
Anks} 7tk AR k3ke vkt A EA A=, T AR S A7 A AR S8 At
A2 vkl 7] wigell A WAl R F7HeE dte] A rRkE ARkl
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Table 5.1. Marginal probability distributions and observed proportions of agreement (P,) for the hydronephrosis
data

i n=s PO p1 D2 p3 j21 P,
SFU._L 0.0472 0.0111 0.3194 0.2778 0.2444 0.7630
SFUR 0.4194 0.1917 0.1917 0.1194 0.0778 0.7185
Onen_L 0.0556 0.3444 0.2278 0.1667 0.2056 0.7482

Onen_R 0.4611 0.3167 0.0972 0.0722 0.0528 0.8407

Table 5.2. Analysis results of the four generalized kappa statistics for the hydronephrosis data

SFU_L SFU_R
Fleiss Conger Randolph Gwet Fleiss Conger Randolph Gwet
Pe 0.2535 0.2499 0.2000 0.1866 0.2697 0.2670 0.2000 0.1826
K 0.6824 0.6837 0.7037 0.7086 0.6146 0.6160 0.6481 0.6557
SE 0.0373 0.0370 0.0356 0.0353 0.0394 0.0391 0.0383 0.0386
Onen_L Onen_R
Fleiss Conger Randolph Gwet Fleiss Conger Randolph Gwet
P 0.2436 0.2414 0.2000 0.1891 0.3308 0.3304 0.2000 0.1674
K 0.6670 0.6680 0.6852 0.6894 0.7624 0.7622 0.8009 0.8087
SE 0.0371 0.0369 0.0362 0.0362 0.0371 0.0371 0.0348 0.0344
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